ABSTRACT -Context -Although Helicobacter pylori infection is prevalent in our country, there are few studies evaluating the associated histological abnormalities in children. Objective -To evaluate the histological features of the gastric mucosa in children and adolescents with Helicobacter pylori gastritis. Methods -One hundred and thirty two gastric biopsies from 22 symptomatic patients infected with H. pylori (14F/8M, median age 10 y 5 mo, age range 2 y 11 mo to 16 y 9 mo) were evaluated. Evaluated gastric regions included: antrum (lesser and greater curvature), corpus (lesser and greater curvature), incisura angularis and fundus. Histological examination was performed according to the Updated Sydney System, and regional scores for polymorphonuclear and mononuclear cell infiltrate as well as bacterial density were generated. Results -Fifteen (68.2%) patients presented H. pylori-chronic active gastritis, six (27.3%) presented antrum-predominant H. pylori-chronic active gastritis, and one (4.5%) presented corpus-predominant H. pylori-chronic active gastritis. Polymorphonuclear cell infiltrate and mononuclear cell infiltrate were observed in 93.9% and 98.5% of the biopsy specimens, respectively. Higher histological scores for polymorphonuclear infiltrate, mononuclear infiltrate, and bacterial density were observed in the gastric antrum. Intestinal metaplasia and gastric atrophy were not identified in any patient. Lymphoid aggregates and lymphoid follicles were observed in the gastric antrum of three (13.6%) and seven (31.8%) patients, respectively, but they were not related to antral nodularity. Conclusions -Chronic active gastritis was observed in all patients with H. pylori infection. However, antral or corporeal predominance was not observed in most patients.
INTRODUCTION
The Helicobacter pylori is a pathogen which is highly adapted to the gastric mucosa, where it causes gastritis in all infected individuals. Indeed, gastritis is of paramount importance to the survival of the bacteria on the gastric mucosa surface because the inflamed mucosa releases nutrients and substrates into the gastric lumen, which are needed to the bacterial metabolism and its adaptation to the gastric environment (1) . H. pylori gastritis is associated with long term morbidity, such as peptic ulcer and gastric neoplasm. Typically, the infection is acquired during infancy, but it remains silent in most patients until adulthood. Its long-term consequences depend on the phenotype of the infected individual, and three phenotypes have been identified: 1) mild pangastritis, with little disruption of gastric acid secretion (good prognosis); 2) antral-predominant gastritis, with relative sparing of the acid-producing corpus (duodenal ulcer-associated phenotype); and 3) corpus-predominant gastritis, with multifocal gastric atrophy and hypo-or achlorhydria (gastric cancerassociated phenotype) (2) . Helicobacter pylori gastritis has unique features in children, such as the nodular aspect of the gastric antrum, antral predominance of gastritis in most patients, and uncommon diagnosis of gastric atrophy and intestinal metaplasia. Nevertheless, sulphomucincontaining cells have been described in the gastric mucosa of H. pylori infected children, suggesting that incomplete intestinal metaplasia (type III) can develop even during childhood and evolve into complete intestinal metaplasia in adults (6) . The Updated Sydney System has provided guidelines for classifying, grading and reporting on endoscopic and histological assessment of gastric mucosa (7) . Because it is clear that the extent and distribution of the H. pylori gastritis determine the clinical outcome, the Updated Sydney System emphasizes the importance of combining topographical, morphological, and etiological information in order to generate diagnosis (7) . However, the system was developed for adult patients, who frequently present H.pylori-related gastric atrophy and metaplasia, which ought to be differentiated from other etiologies. In order to enhance the identification of preneoplastic lesions, the Updated Sydney System has added a biopsy from the incisura angularis to the panel, but intestinal metaplasia can still be missed in up to 25% of patients (8) . Modifications have been proposed to the report of chronic gastritis in order to simplify it and provide some prognostic information (21) . The aim of this study was to evaluate the histological features of H. pylori gastritis in children, using the Updated Sydney System. A fundic biopsy was added to the panel in order to evaluate all gastric regions.
METHODS
A total of 132 gastric biopsies from 22 symptomatic patients infected with H. pylori (14F/8M, median age 10 y 5 mo, age range from 2 y 11 to 16 yrs 9 mo) were evaluated. Patients were screened during upper digestive endoscopy with the rapid urease test. Exclusion criteria were celiac disease, idiopathic inflammatory bowel disease and usage of medications (H 2 histaminic-blockers, antimicrobials, proton pump inhibitors or bismuth salts) in the previous month. The study was approved by the Ethics in Research Committee of the Universidade Federal de São Paulo -Escola Paulista de Medicina, São Paulo, SP, Brazil. Parents or legal guardians were informed about the study protocol and invited to sign an informed consent.
Endoscopy. Esophagus, stomach, and proximal duodenal mucosa were examined under sedation or general anesthesia. Six biopsies of the gastric mucosa: two from gastric corpus (lesser and greater curvature), two from gastric antrum (lesser and greater curvature), one from the incisura angularis and the last one from gastric fundus were collected for histological examination. Two biopsy fragments were further collected from the gastric antrum approximately 2 cm from the pylorus for the rapid urease test (RUT), which was performed with a non-commercial solution (100 mg/mL aqueous urea solution with 10 mg/mL phenol red) (18) . Histological evaluation. The fragments were placed on filter paper and fixed in 100 mL/L formaldehyde. Twenty serial sections of 6 μm were prepared per fragment and stained with hematoxylin-eosin and modified Giemsa. H.pylori infection was diagnosed based on the typical appearance of the bacterium along the mucus layer covering the gastric mucous membrane. Histological evaluation was performed according to the Updated Sydney System (7) . The histological variables (mononuclear infiltrate, neutrophilic infiltrate, bacterial density, intestinal metaplasia, and gastric atrophy) were graded according to the Updated Sydney System visual analogue scale to generate a score (0 = absent, 1 = mild, 2 = moderate and 3 = marked). Eosinophils were registered when present, and its count was reported as the highest count observed by high power field.
Lymphoid aggregates and lymphoid follicles were counted when present. The patient was considered infected when both the rapid urease test and histological examination provided positive results.
Statistics. Discrete variables were described by their medians and interquartile ranges, while quantitative variables were described by their means and standard deviations, and qualitative variables were described by proportions. The Kruskall-Wallis test was used to compare the scores of each gastric region, and Dunn's post-hoc test was used when the Kruskall-Wallis test was significant. Wilcoxon's test was used to compare histological regional scores according to the presence of antral nodularity, lymphoid aggregates and lymphoid follicles. In all statistical tests, a P<0.05 was considered significant.
RESULTS
The most frequent symptom indicating endoscopy was epigastric pain (18/22, 81.9%). The upper digestive endoscopy was normal in 40.9% (9/22) patients, and the most frequent abnormality was antral nodularity (12/22, 54.6%). One patient presented hyperemic gastritis (4.5%). The histological diagnosis was antrum-predominant H. pylori-chronic active gastritis in 6 patients (27.3%), corpus-predominant H. pylori-chronic active gastritis in 1 patient (4.5%) and H. pylori-chronic active gastritis in 15 patients (68.2%).
Mononuclear infiltrate was present in all except two biopsies (98.5%), whereas polymorphonuclear cell infiltrate was observed in 93.9% (124/132) of the biopsy specimens and H.pylori was identified in 97.7% (129/132). In the Table  1 , the distribution of biopsy specimens according to the histological score in each gastric region is displayed.
The mononuclear infiltrate in the greater curvature of the gastric antrum was significantly more intense than that in the greater curvature of the gastric corpus (P = 0.013). The median scores and their interquartile range for each gastric region are depicted in the Table 2 , and higher histological scores for bacterial density and polymorphonuclear cell infiltrate were observed in the greater curvature of the gastric antrum as compared with the gastric fundus. Additionally, the endoscopic diagnosis of nodular gastritis was significantly associated with both the score for neutrophilic infiltrate in the lesser curvature of the gastric antrum (median 2 and IQ range 2-2 vs. median 1 and IQ range 1-2, P = 0.017), and the score for bacterial density in the gastric fundus (median 2 and IQ range 1.25-2 vs. median 1 and IQ range 1-1.25, P = 0.036).
Eosinophils were observed in at least one biopsy of 21/22 patients (95.5%), and the eosinophil count ranged from 1.2 to 15 hpf (mean 5.41 -standard deviation 3.85). Lymphoid aggregates and lymphoid follicles were observed in the gastric antrum of three (13.6%) and seven (31.8%) patients, respectively. There was no relationship between either aggregates or follicles and antral nodularity (P = 0. 
DISCUSSION
This study is the first topographical study on H. pylori gastritis in Brazilian children. Most patients presented active chronic gastritis without regional predominance, which may explain the low morbidity of the infection in the childhood, because antral-predominance and corporeal-predominance of the gastritis has been associated with duodenal ulcer and preneoplastic lesions, respectively (2) . The study has three main shortcomings. First, the sample size was small and it may have generated a type-2 error while comparing histological scores. However, a previous study with similar goals studied 15 patients -some of them more than once -, whereas another study compared the histological assessment of 19 infected patients to that of 45 healthy controls (5, 11) . The second limitation is the method of staining used in the study, because some authors reported that staining with alcian blue-periodic acid Schiff (PAS) enhances the detection of incomplete intestinal metaplasia due to the detection of sulphated mucossubstances (6) . This is an important limitation as it could prevent the detection of incomplete intestinal metaplasia. Finally, this study did not evaluate the inter-observer reproducibility of the histological evaluation. In order to standardize the histological report, we used the visual analogue scale of the Update Sydney System. Study evaluating the reproducibility of this scale reported concordance coefficients (Kappa) as high as 0.77 when comparing two pathologists: this statistic indicates good but not perfect concordance (10) .
There was no patient with normal gastric mucosa, contrasting with a previous study in children that reported normal gastric mucosa in 27.5% infected patients while examining fragments taken from antrum and fundus (9) . In addition, the mononuclear infiltrate was more intense than the neutrophilic infiltrate in most biopsies. This feature is often observed in children (12) . However, the mononuclear infiltrate in this study was more intense (69.7% moderate/ severe) than that reported by COHEN et al. (5) , who described 65.8% of biopsies with mild to moderate mononuclear infiltrate. Other authors reported 87% of the biopsies with moderate to marked mononuclear infiltrate and 50% with moderate to intense neutrophilic infiltrate in children (22) . On the other hand, in another study up to 40% of the samples did not contain neutrophilic infiltrate (3) . The severity of the inflammatory changes in the gastric mucosa may have clinical significance, as more intense polymorphonuclear cell infiltrate was reported in patients with H. pylori gastritis associated with duodenitis than in infected patients without duodenitis (19) . It is possible that the high prevalence of active gastritis in all gastric regions observed in our study is related to the symptomatic children composing our study group.
Eosinophilic infiltrate was found in most patients (95.5%). Eosinophil activation can occur in the context of the inflammatory response to H. pylori gastritis, because eosinophils are recruited with other polymorphonuclear cells like neutrophils. Thereafter, eosinophilic infiltrate is commonly seen in H. pylori gastritis in both children and adults, and the infiltrate is more severe in adults (22) . Antral nodularity is a very specific sign of H. pylori gastritis in children (17) , and it has been attributed to lymphoid follicles associated with the infection (16) . Surprisingly, in the present study there was no relationship between lymphoid aggregates and follicles and antral nodularity. Nodular gastritis has been associated with higher scores of gastritis (15) . Accordingly, we observed that antral nodularity was significantly associated with higher scores for both the polymorphonuclear cell infiltrate in the lesser curvature of the gastric antrum and the bacterial density in the gastric fundus. Antral nodularity is a clinically relevant condition because recently it has been associated with diffuse gastric cancer in young adults (13) and it is also associated with duodenal ulcer in children (12) . In the present study, up to one third of the patients presented lymphoid follicles in the gastric antrum (31.8%), which is similar to the figures reported in H. pylori infected adults (22) . The meaning of lymphoid aggregates and follicles is not clear, but they are associated with the infection. Indeed, lymphoid aggregates and follicles are more prevalent in infected patients, and their prevalence decreases after successful eradication of the infection (4) .
No patients in this study exhibited gastric atrophy or intestinal metaplasia. However, other studies have reported a significant incidence of gastric atrophy (42%-55%) and intestinal metaplasia (13%-21%) in children (11, 14) . Interestingly, a higher incidence of atrophic gastritis has been observed in children from countries with high incidence of gastric cancer (20) . Genetic and environmental factors other than H. pylori infection may explain the striking differences observed in the prevalence of these preneoplastic lesions in children from different countries.
In conclusion, most children and teenagers (68.2%) with H. pylori gastritis exhibit active chronic gastritis without antral or corporeal predominance. The addition of a fragment from the gastric fundus to the panel proposed in the Updated Sydney System did not improve the diagnosis of the infection, or the diagnosis of preneoplastic histological abnormalities. Moreover, as no patient with gastric atrophy or intestinal metaplasia was identified in the present study, the histological evaluation of the infected children and adolescents may be restricted to the gastric antrum, as other authors have proposed (5) .
